CONVERSION FACTORS, VERTICAL DATUM, DEFINITION, AND SELECTED WATER-UNIT RELATIONS

Conversion Factors
Vertical Datum
Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 a geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
Definition
An acre-foot is the quantity of water required to cover 1 acre to a depth of 1 foot. 
Selected Water-Unit Relations
ABSTRACT
Partial data on drainage returns and surfacewater withdrawals are presented for areas of the Sacramento-San Joaquin Delta, California, for March 1994 through February 1996. These areas cover most of the delta. Data are also presented for all drainage returns and some surface-water withdrawals for Twitchell Island, which is in the western part of the delta. Changes in land use between 1968 and 1991 are also presented for the delta.
Measurements of monthly drainage returns and surface-water withdrawals were made using flowmeters installed in siphons and drain pipes on Twitchell Island. Estimates of monthly returns throughout the delta were made using electric power-consumption data with pump-efficiencytest data. For Twitchell Island, monthly measured drainage returns for the 1995 calendar year totaled about 11,200 acre-feet, whereas drainage returns estimated from power-consumption data totaled 5 percent less at about 10,600 acre-feet. Monthly surface-water withdrawals onto Twitchell Island through 12 of the 21 siphons totaled about 2,400 acre-feet for 1995. For most of the delta, the monthly estimated drainage returns for 1995 totaled about 430,000 acre-feet. The area consisting of Bouldin, Brannan, Staten, Tyler, and Venice Islands had the largest estimated drainage returns for calendar year 1995.
Between 1968 and 1991, native vegetation in the delta decreased by 25 percent (about 40,000 acres), and grain and hay crops increased by 340 percent (about 71,000 acres). For Twitchell Island, native vegetation decreased about 77 percent (about 850 acres), while field crop acreage increased by about 44 percent (about 780 acres).
INTRODUCTION
The Sacramento-San Joaquin Delta of California is an area consisting of about 738,000 acres of islands and channels ( fig. 1 ) that receive runoff from about 40 percent of the State's land area (California Department of Water Resources, 1993) . About 500,000 acres of the delta is agricultural land, much of which is below sea level and is dependent on levees for protection from flooding. The delta is part of California's waterdelivery system, which stores water in reservoirs north and south of the delta and delivers irrigation water to millions of acres of farm land south of the delta and drinking water to two-thirds of the State's population. Many of California's water issues involve delta water use issues.
In 1993, a cooperative study of the SacramentoSan Joaquin River Delta was started by the U.S. Geological Survey (USGS) and the California Department of Water Resources (DWR), Division of Local Assistance, Municipal Water Quality Investigations Section, and Division of Planning, Delta Modeling Section. The purpose of the study was to update drainage-return data for delta islands, to quantify surface-water withdrawls, and to compile digitized land-use data needed to improve DWR's model of consumptive use on the delta islands. The methods used for the drainage study are similar to the methods used during a study by the California Department of Water Resources (1956) . Since 1956, the need for more current water-use information has increased with increased concerns about water and land use in the delta and the effects of these uses on the quality and quantity of water available from the delta. Knowledge of water consumption in the delta is needed to estimate freshwater discharge to San Francisco Bay. Agricultural drainage pumped off the islands into delta channels contains natural organic chemicals that form carcinogens (such as trihalomethanes) when the water is chlorinated for municipal use. Island drainage also introduces pesticide residues into the habitat of threatened fish species.
The objectives of this study were to estimate drainage returns using electrical power-consumption data, to measure selected surface-water withdrawals, to digitize land-use maps for 1968, and to compare the 1968 maps with the digital land-use maps available for 1991. The study involved estimating drainage returns for 236 drains with electrically powered pumps, quantifying surface-water withdrawals at 12 of the 1,800 surface-water withdrawal sites, and digitizing the 1968 land-use maps. Twitchell Island was selected for intensive monitoring of drainage returns and surface-water withdrawals because it is owned by DWR and because one of the withdrawal siphons on the island was already being measured.
The purpose of this report is to present data on delta drainage returns and surface-water withdrawals collected between March 1994 and February 1996, a tabulation of changes in delta land use between 1968 and 1991 for the areas of DWR's consumptive-use model, and methods used to obtain these data.
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DRAINAGE RETURNS
To prevent flooding of the delta islands, drainage returns which are a combination of precipitation, seepage, unconsumed irrigation water, and surfacewater withdrawals for other uses are pumped into adjacent channels ( fig. 2) . To obtain a record of Twitchell Island's drainage returns, DWR collected weekly drainage-return and electric power-consumption data at its one drain site ( fig. 1) . Independently, USGS collected monthly drainage-return and electric powerconsumption data at the Twitchell Island drain site and obtained monthly power-consumption records from Pacific Gas and Electric Company (PG&E). USGS used this power-consumption data with pumpefficiency-test data provided by PG&E, Twitchell Island Reclamation District, and DWR to make additional drainage-return estimates.
Measurement Using Flowmeters
The drain on Twitchell Island was equipped with a flowmeter during this study; it is the only drain site of the 236 drains ( fig. 3 ) in the PG&E data base known to be equipped with a flowmeter. Thus, drainage returns were measured at this drain site. McCrometer invasive flowmeters with straightening vanes were used to measure flows discharged by the main pump and the auxiliary pump at the drain site. These flowmeters are reported to have an absolute relative error of less than 2 percent (Schwankl and Hanson, 1993, p. 6) . The data were obtained by manually recording dial readings and calculating cumulative flows. Electric powerconsumption readings were also manually recorded during each visit.
DWR recorded weekly drainage returns for Twitchell Island between August 1994 and January 1996 (table 1) . USGS recorded monthly drainage returns within 1 day of the first day of each month (table 2) . Drainage returns pumped from Twitchell Island during 1995 totaled 11,232 acre-ft (table 2) . The largest monthly drainage returns during 1995 were pumped during January and March (2,499 and 1,926 acre-ft, respectively), and the smallest monthly total returns were pumped during September, October, and November (323, 298, and 340 acre-ft, respectively) (table 2).
Estimates Using Electric PowerConsumption Data
Drainage returns can be estimated using electric power-consumption data with pump-efficiency-test data. PG&E maintains a pump-efficiency-test data base that includes 58 of 236 drains in the delta for which they have electric power-consumption records. Additional drains may operate in the delta, but a complete inventory of the drains in the delta was beyond the scope of this study. At the time of this study, the data base contained data on 220 pump-efficiency tests done at the 58 drains. USGS acquired the power records from PG&E with an agreement that the records would be released only after being aggregated into areas more than 36 mi2. For Twitchell Island, USGS computed monthly drainage-return estimates using powerconsumption data collected during site visits with PG&E pump-efficiency data.
Methods
An empirical equation called the unit powerconsumption method (Diamond and Williamson, 1983, p. 7) or the coefficient of power method (Ogilbee and Mitten, 1970, p. 7) was used to estimate drainage returns from the power-consumption data. The equation has the form pumpage (acre-feet) = power (kilowatt hours)/unit-use coefficient (kilowatt hours per acre-foot).
The unit-use coefficient is determined by conducting pump-efficiency tests during which pumpage and power consumption are measured. The unit powerconsumption method is the most convenient method of estimating pumpage because the needed data are .r"i , <'-i_i^S Because of differences in periods of record, monthly totals for these meter readings may not agree with totals in table 2. However, the total for August 1994 through December 1995 agree (14,652 acre-feet).
usually available (Ogilbee and Mitten, 1970, p. 7; Diamond and Williamson, 1983, p. 7) . For Twitchell Island, the mean unit-use coefficient for all PG&E pump-efficiency tests provided by the Twitchell Island Reclamation District, 50 kilowatt hours per acre-ft, was used with USGS records of electrical power consumption for the Twitchell Island drain to calculate drainage returns. For the 58 drains in the delta with pump-efficiency-test data, the mean unit-use coefficient for each drain was used with PG&E powerconsumption records to calculate drainage returns. These coefficients ranged from a high of 83 kilowatt hours per acre-ft to a low of 18 kilowatt hours per acre-ft. For the remaining 178 drains in the delta for which no pump-efficiency-test data were available, using pump horsepower to infer a unit-use coefficient was considered. However, coefficient-horsepower plots of the 220 pump-efficiency-test results indicated that the correlation of the data in the present pumpefficiency-test data base is poor ( fig. 4) . Therefore, the mean unit-use coefficient of all pump tests in the pumpefficiency-test data base, 40.6 kilowatt hours per acreft, was used with the power-consumption data to calculate drainage returns for the remaining 178 drains. Drainage-return estimates were aggregated into larger areas using the geographic information system, ARC/ INFO.
Results
Drainage returns from Twitchell Island were estimated using both USGS and PG&E powerconsumption records for the drain (table 3, fig. 5 ). Both USGS and PG&E power-consumption records indicate that the total drainage-return estimates for 1995 was about 10,600 acre-ft. The total for estimated returns was about 5 percent less than the total for the measured returns (about 11,200 acre-ft). Monthly drainage returns for 1995, estimated from USGS powerconsumption records, ranged from 14 percent less than the measured returns in April to almost 4 percent more than the measured returns in December (table 3) . Differences between the estimated monthly drainage returns generated from USGS and DWR powerconsumption records probably result primarily because of different intervals between the meter readings. The most notable difference was in March 1995 (fig. 5); this large difference occurred because the meter had not been read by PG&E since December 1994.
Monthly drainage returns were estimated for the 236 drains in the delta using PG&E powerconsumption data for January 1995 through February 1996. The estimates for the 236 drains were aggregated into 62 of the 142 subareas in DWR's delta island consumptive-use model; these 62 subareas cover most of the delta (the shaded areas on fig. 6 ). To meet a confidentiality agreement with PG&E, which restricts the releasing of pumping data for individual accounts or for areas of less than 36 mi2, the estimates for the drainage returns were then aggregated into 17 areas for reporting (table 4): the 15 areas within the delta island consumptive-use model area, which represent the delta lowlands; the delta upland area; and the area just outside the boundary of the delta island consumptive-use model ( fig. 3 ). (The drains outside the delta island consumptive-use model boundary are used to pump water into the channels that serve the delta lowlands and uplands and thus were used for this study.) The data were aggregated using ARC/INFO ( fig. 6 ). Of the 236 drains with power-consumption data, 215 of the drains are in the 62 subareas, with 91 of the drains in the delta uplands; the remaining 21 drains are outside the model boundary. Area 2 is the only aggregated area for which there were no power-consumption data available to make drainage estimates.
Area 6 ( fig. 3 ), which consists of Bouldin, Brannan, Staten, Tyler, and Venice Islands, had the largest estimated drainage returns (about 73,000 and 96,400 acre-ft for calendar year 1995 and for the period January 1995 through February 1996, respectively, table 4). The 1995 estimate for area 6 was about 17 percent of the total estimated drainage returns (430,000 acre-ft) for the delta and about 18 percent of the total estimated drainage returns (about 537,000 acre-ft) for the period January 1995 through February 1996. Monthly drainage-return estimates were largest in March 1995 (about 61,900 acre-ft) and smallest in November 1995 (about 11,200 acre-ft). Drainagereturn estimates were also large in August 1995 and January and February 1996 (about 53,100; 50,600; and 55,100 acre-ft, respectively) (table 4) .
SURFACE-WATER WITHDRAWALS ONTO TWITCHELL ISLAND
Water is siphoned from the channels of the delta over the levees onto the islands ( fig. 2) . The hydraulic properties of each siphon and the opening of the delivery end of the pipe control the flow rate through each siphon. Although the hydraulic properties of a siphon can be readily estimated, doing so for a large number of siphons is a laborious task that had not been done at the time of this study. Even if hydraulic information were available, data on the time histories of pipe openings and tides would also be needed to estimate the quantities of water withdrawn by a siphon. Instead of recording pipe openings and tides, USGS and DWR used flowmeters to measure withdrawals onto Twitchell Island for 12 of the 21 siphons.
Methods
At the time of this study, DWR (Environmental Services Office) and the California Department of Fish and Game were using McCrometer flowmeters in a study of the effectiveness of fish screens on siphons in the delta, including siphon 16 on Twitchell Island ( fig.  1 ). Eleven additional McCrometer flowmeters were installed on the siphons on Twitchell Island for this study. The flowmeters were operated by DWR and USGS. The data were obtained by manually recording dial readings and calculating cumulative flows.
Results
DWR recorded flowmeter readings weekly between August 9,1994, and January 8,1996 ( Figure 5. Estimated and measured monthly totals for drainage returns from Twitched Island in the Sacramento-San Joaquin Delta, California, August 1994 through January 1996. Estimates were made by the U.S. Geological Survey using U.S. Geological Survey and Pacific Gas and Electric Company data. (table 6) . Measured surface-water withdrawals were largest during July and August 1995. Because 9 of the 21 siphons on the island were not measured, it is not known if total monthly withdrawals for Twitchell Island were also largest during July and August. Withdrawals at siphon 16 totaled more than 400 acre-ft during a 23-month period of record and more than 200 acre-ft for calendar year 1995 (table 6). At siphons 6 and 17, measured withdrawals were 0 and 170 acre-ft, respectively, for an 18-month period of record. At siphon 17, more than 100 acre-ft was siphoned during calendar year 1995; siphon 6 was not used during the 18-month period of record.
Surface-Water Withdrawals Onto Twitched Island
The remaining nine metered siphons had 8-month periods of record (table 6). Siphons 11 and 19 had the largest recorded withdrawals. Withdrawals at siphon 11 totaled more than 1,000 acre-ft between June and September 1995, with recorded monthly values of about 440 and 370 acre-ft for July and August 1995, respectively. Siphon 19 had the largest recorded monthly value, about 450 acre-ft, during December 1995; however, this monthly value includes the reading for the first 10 days of January 1996. The December reading was not made until January 9 or 10,1996. Withdrawals at the nine remaining metered siphons ranged from 0 acre-ft at siphons 2 and 7 to about 180 acre-ft at siphon 8.
LAND USE
Land-use maps for 1968 were digitized and compared with digital land-use maps available for 1991. Changes in crop acreages between 1968 and 1991 were identified, and the crop types were aggregated into the subareas of DWR's delta island consumptive-use model.
Methods
DWR used USGS 7.5-minute topographic quadrangle maps to map land use in the delta in 1968 using their standard mapping methods (California Department of Water Resources, 1971) . DWR provided USGS with full-size paper copies of these maps from which land-use coverages were created. USGS digitized the land-use maps, quality assured the data, and aggregated the data into subareas ( fig. 6 ) of DWR's delta island consumptive-use model using ARC/INFO. Land use during 1991 was mapped and digitized by DWR, and an ARC/INFO coverage was created by the California Department of Pesticide Regulation. These 1991 data were compared with the 1968 data. Delineations of subareas of DWR's delta island consumptive-use model (California Department of Water Resources, 1995) were used to create the coverage of the subareas ( fig. 6 ) used in this study to aggregate land use and drainage returns.
Quality-assurance checks included automated analyses done within ARC/INFO at the time the maps were digitized and visual comparisons between the original copies and the digitized maps. In addition, differences were calculated between the digitized and the actual locations of the corners of the 7.5 minute topographic quadrangle maps to estimate the error introduced in digitizing the paper maps.
The 34 individual land-use coverages for 1968 were combined into a single coverage for the entire study area. The coverages for 1968 and 1991 were combined with the coverage of DWR's delta island consumptive-use model, and land-use acreages were then tabulated by subarea. The land-use attributes used for the 1991 coverage were also used with the 1968 data. The aggregated data are limited because the mapping of the 1968 data was less detailed and less complete than the 1991 data.
Results
The differences among the 34 quadrangles digitized for 1968 land use were, for the most part, within the standard of 0.005, with differences ranging from 0.001 to 0.018. This variability is attributed primarily to the use of paper copies of the maps, which are not scale stable. This degree of variability, however, was acceptable for the purposes of this report Annual land-use data for 1968 and 1991 were aggregated by subareas of DWR's delta island consumptive-use model for comparison ( 
